ABSTRACT Cobb broiler breeder pullets, grown to achieve 2.19 kg (normal growth) or 2.41 kg (faster growth) BW at 20 wk, were given continuous light during the first 2 d posthatch, were reared on 8-h photoperiods between 2 d and 20 wk of age, and were then transferred abruptly to 10-, 11-, 12-, 14-, 16-, or 18-h photoperiods at 20 wk. Controls remained on 8 h at 20 wk. The birds were reared on a litter-floor from 1 d and transferred at 15 wk to individual cages. Mean age at first egg (AFE) was advanced by 12 d, compared with controls, for the transfer to 10 h, and progressively earlier for longer photoperiods until a 25-d advance for 14 h; AFE was similar for pullets transferred to 14, 16, and 18 h. A quadratic regression indicated that a transfer to 15 h would induce the earliest maturity. On average, accelerating growth by about 10 d advanced AFE by 4 d, but the difference was larger for
INTRODUCTION
It is usual to rear broiler breeders on 8-h daylengths followed by an initial increase of 3 to 4 h at 20 wk and weekly increments of 30 min or 1 h thereafter to a peak of 15 to 16 h between 24 and 27 wk (Aviagen, 2001; CobbVantress, 2003) . Other than the timing of the initial increment, these programs are similar to those commonly recommended for egg-type hybrids (e.g., ISA, 2000) . The reports of broiler breeder responses to different size increments in photoperiod tend to have had insufficient treatments to determine the optimal daylength to use during the laying period (e.g., Proudfoot et al., 1980; Robinson et al., 1998; Ciacciariello and Gous, 2005) . Broiler breeder pullets exhibit juvenile photorefractoriness and respond to constant photoperiods differently from egg-type hybrids (Lewis et al., 2003 (Lewis et al., , 2004a because the latter are no longer photorefractory (Morris et al., 1995) . Thus, it is possible that broiler breeders may also react differently to prepubertal 377 transfers to a more stimulatory photoperiod. Body weight at first egg increased by about 20 g for each 1-d delay in first egg and was 110 g heavier for the faster growth pullets than for controls. Egg numbers to 39 wk increased by 0.75 for each 1-d earlier AFE. Mean egg weight was negatively related to photoperiod, decreasing by 0.3 g per 1-h, but positively linked to AFE, increasing by 0.1 g for each 1-d delay in AFE. Faster growth did not significantly increase egg numbers or mean egg weight, but it did increase egg output to 39 wk by 150 g. The data suggest that broiler breeders reared on 8-h daylengths do not need more than a 14-h photoperiod in the laying period to optimize sexual development or egg production. Typically recommended BW targets for broiler breeders (2.1 to 2.2 kg) appear to be optimal for egg production. Responses to the lighting treatments were independent of those to 20-wk BW. increases in daylength. This trial was primarily conducted to measure the effect on age at first egg (AFE) of transferring broiler breeder pullets at 20 wk from 8 h to various final photoperiods between 10 and 18 h.
A 3-wk acceleration in growth to 2.1 kg has been reported to advance AFE by about 10 d in broiler breeders maintained on various constant photoperiods between 10 and 16 h (Lewis et al., 2004a ). In the current trial, growth was accelerated by a more modest 10 d (0.22 kg heavier BW than normal at 20 wk) to determine if the response to an increment in photoperiod at 20 wk is dependent on BW.
MATERIALS AND METHODS
Four hundred and eighty Cobb broiler breeder pullets were reared on a light-proof, litter-floored room (11.5 birds/m 2 ) from 1 d until 15 wk. They received continuous illumination during the first 2 d posthatch, were then transferred abruptly to 8-h photoperiods, and were maintained on 8-h days until 20 wk of age. Illumination was provided by four 15 W compact fluorescent lamps producing a mean illuminance of 26 ± 2.8 lx at a height of 30 cm. The room was divided equally into 2 pens by a wire netting partition; one pen was fed approximately according to the primary breeder's recommendation (2.19 kg at 20 wk, controls), and Table 1 . Age and BW at first egg (mean ± SEM) for Cobb broiler breeders reared to achieve 2.19 or 2.41 kg at 20 wk, reared on 8-h, and transferred to 8-, 10-, 11-, 12-, 14-, 16-, or 18-h the other was given increased feed allocations to have a weekly BW gain 9% above controls and to reach 2.41 kg at 20 wk (∼10 d faster growth). At 15 wk, 30 birds from each pen were moved into individual cages in each of 8 light-proof rooms; 10 birds from each growth treatment were located on each of the 3 tiers of cages within each room. One room was maintained on 8-h photoperiods and the other rooms transferred abruptly to 10-, 11-, 12-(2 rooms to provide an estimate of between-room variation), 14-, 16-, or 18-h photoperiods at 20 wk of age. Illumination Figure 1 . Mean age at first egg (AFE) for broiler breeders transferred from 8-to 10-, 11-, 12-, 14-, 16-, or 18 -h photoperiods at 20 wk (current trial; Lewis et al., 2003; Ciacciariello and Gous, 2005) ; data were adjusted by least squares analysis to remove differences from the current conventionally fed birds. The dotted line indicates predicted AFE for egg-type pullets photostimulated at 10 wk (similar physiological age to 20-wk control-fed broiler breeder pullets) using the models of Lewis et al. (2002) and Lewis and Morris (2004) . Sexual maturity for broiler breeders exposed to constant photoperiods is included for comparison (Lewis et al., 2004a) .
in each room was from two 100 W incandescent lamps producing mean intensities of 110 ± 7.0, 60 ± 3.3, and 34 ± 1.8 lx at the top, middle, and bottom tier feed troughs, respectively.
All birds were fed a 210 g of CP/kg, 12.4 MJ/kg of AME crumbled diet ad libitum until transfer to a 175 g of CP/ kg, 11.9 MJ/kg of AME pelleted diet scattered on the litter floor and controlled feeding at 3 wk. At 6 wk, the diet was changed to a 140 g of CP/kg, 11.5 MJ/kg of AME, and finally to a 145 g of CP/kg, 11.5 MJ/kg of AME layer diet as each room reached 5% egg production (between 24 and 27 wk of age). Water was available for the first 5 h of each photoperiod. After 20 wk, the daily feed allocation was progressively increased to a peak of 170 g/bird, before being reduced by 5 g/bird for each 5% fall in rate of lay.
Age and BW of the bird and weight of the first egg laid by each bird were recorded, together with daily individual egg production through 39 wk of age. All eggs laid on Mondays, Wednesdays, and Fridays were individually weighed.
Only 1 photoperiod (12 h) was replicated, so a linear mixed residual maximum likelihood model (REML) program from Genstat (Lawes Agricultural Trust, 2002) was used. Photoperiod.Growth was the fixed model, and Photoperiod.Growth.Room + Photoperiod.Growth.Room.Bird was the random model for the first analysis and Photoperiod.Growth.Room.Bird for the second analysis to determine if Room could be dropped from the analysis model. The REML is a statistical program specifically designed to handle unbalanced data by estimating the amount of variability due to different sources of random variation (Elston et al., 2001) ; the model descriptions are peculiar to this program. A χ 2 test with 1 df showed that this was possible, so the data were subjected to a 2-way ANOVA using a GLM from Statistix Version 8 (Analytical Software, 2003) and Photoperiod*Growth as the model. Significant differences (P < 0.05) between means were identified using a Student's t-test. Age at first egg, egg numbers, and mean egg weight were regressed on photoperiod and on sexual maturity, and mean egg weight data were subjected to a step-wise regression on AFE, BW at first egg, and final photoperiod using linear models from Statistix Version 8.
RESULTS
There were no significant interactions between the lighting treatments and growth to 20 wk for any of the traits analyzed. However, the amplitude of the effect that accelerating growth had on AFE varied with photoperiod and is considered in the discussion.
Sexual Maturity
Compared with constant 8-h controls, mean AFE was significantly advanced by 12 d for pullets transferred from 8 to 10 h and thereafter progressively earlier as photoperiod was extended to 14 h. Sexual maturity for pullets transferred to 14, 16, or 18 h were not significantly different from each other (Table 1) . A meta-analysis of these findings, and data for pullets transferred from 8 to 11 or 16 h (Lewis et al., 2003) and from 8 to 12, or 8 to 16 h (Ciacciariello and Gous, 2005) , with differences from the conventionally grown pullets in the current trial removed by least squares analysis, suggested that the earliest maturity for pullets reared on 8 h will be achieved by transferring them to 15 h (Figure 1) . The regression for pullets weighing about 2.1 kg at 20 wk was described by the equation -, 10-, 11-, 12-, 14-, 16-, or treatment, it can be seen from the AFE data in Table 1 that the difference between the growth groups was larger when the photoperiod was more stimulatory. Although BW at first egg (Table 1) was negatively correlated with final photoperiod, decreasing by 50 g for each 1-h increase in photoperiod, it is probably more correct to correlate it with the AFE influenced by the photoperiod; BW at first egg decreased by 20 g for each 1-d advance in AFE within each growth group. Across lighting treatments, accelerating growth by 10 d significantly increased BW at first egg by 110 g but required 570 g more feed.
Egg Production
Egg numbers to 39 wk, though positively linked to photoperiod between 8 and 14 h, were probably a function of the AFE induced by these photoperiods, increasing by 0.75 eggs for each 1-d advance in maturity (r 2 = 0.956, P < 0.001, SD = 1.48). Mean egg weight to 39 wk was negatively correlated with photoperiod, decreasing by 0.28 g for each 1-h extension of the photoperiod (r 2 = 0.927, P < 0.001, SD = 0.76). Although egg output to 39 wk was significantly influenced by final photoperiod (Table 2), the differences among the more stimulatory photoperiods (≥11 h) were small.
Accelerating growth to 20 wk did not significantly affect either egg numbers or egg weight, but the combination of these positive influences resulted in a significant 150-g increase in egg output.
DISCUSSION

Sexual Maturity
Evidence from a series of lighting trials conducted at University of KwaZulu-Natal (Lewis et al., 2003; P. D. Lewis, unpublished data) suggest that broiler breeders reared on the growth curve typically recommended by a primary breeding company have a physiological age, in terms of the photosexual response, that is approximately one-half that of their chronological age, so the response of control-fed broiler breeders photostimulated at 20 wk in the following comparison is with ad libitum-fed egg-type pullets photostimulated at 10 wk. Figure 1 shows that the conclusion that the largest advance in AFE for broiler breeders reared on 8-h photoperiods will be achieved by transferring them to a 15-h photoperiod agrees remarkably well with the predicted most stimulatory photoperiod for egg-type pullets (Lewis et al., 2002; Lewis and Morris, 2004) , suggesting that 15 h is common to all domestic fowl, whether they are egg or meat type, and whether they are control-or ad libitum-fed. In practical terms, however, the differences in sexual development between birds transferred to 14, 15, or 16 h will be minimal. These advances in sexual maturity following a increment in photoperiod at 20 wk match the mean changes in plasma LH observed by Dunn and Sharp (1990) following a transfer at 8 wk of age from 8 h to various photoperiods between 10.5 and 20 h for restrict-fed dwarf broiler breeders (Figure 2) and Figure 3 . The difference in age at first egg (AFE) between broiler breeders grown conventionally and birds allowed accelerated growth when reared on 8 h and transferred to 8, 10, 11, 12, 14, 16, or 18 h at 20 wk in the current trial, or when maintained on 10, 11, 12, 13, 14, or 16 h (Lewis et al., 2004a). shows the photosexual response curve for gonadotrophin release to be similar to that for sexual maturation.
The response of photosensitive broiler breeder pullets to an increment in daylength, in terms of sexual develop- Figure 4 . Mean egg weight to 39 wk for broiler breeders reared on 8-h photoperiods and transferred to 8-, 10-, 11-, 12-, 14-, 16-, or 18 -h photoperiods at 20 wk (current trial; Lewis et al., 2003; Ciacciariello and Gous, 2005) ; data were adjusted by least squares analysis to remove differences from the current conventionally fed birds, to 68 wk for broiler breeders maintained on constant photoperiods (Lewis et al., 2005) , and to 72 wk for egg-type hybrids transferred from 8-to 8-, 10-, 13-, or 16-h photoperiods at various ages between 9 and 18 wk (Lewis et al., 1997) . ment, is in marked contrast to their response to a constant photoperiod. Whereas birds maintained on 10-h photoperiods mature 3 wk earlier than constant 14-h birds (Lewis et al., 2004a) , the current data show that a transfer from 8 Figure 5 . Mean egg weight to 39 wk for broiler breeders reared on 8-h photoperiods and transferred to 8-, 10-, 11-, 12-, 14-, 16-, or 18-h photoperiods at 20 wk (current trial; Lewis et al., 2003; Ciacciariello and Gous, 2005) ; data were adjusted by least squares analysis to remove differences from the current conventionally fed birds. The broken straight line represents response of broiler breeders on constant photoperiods, adjusted to give same value for an 8-h photoperiod as the current trial (Lewis et al., 2005) , and the dotted curved line represents the response of egg-type hybrids transferred from 8-to 8-, 10-, 13-, or 16-h photoperiods at various ages between 9 and 18 wk (Lewis et al., 1997). to 10 h at 20 wk results in an AFE that is 2 wk later than a transfer to 14 h (Figure 1 ). This comparison provides further evidence that broiler breeders are photorefractory at hatch, and that, without an adequate period of short days to expedite its dissipation, sexual development will be significantly delayed (and, as a corollary, egg numbers reduced) by exposure to a stimulatory photoperiod.
The 4-d earlier AFE for the birds that allowed 10 d faster growth is of the same order as the 10-d advance in AFE reported by Lewis et al. (2004a) for broiler breeders allowed 21 d faster growth but given constant photoperiods. In this earlier investigation, the difference between the AFE of the conventional birds (2.1 kg at about 20 wk) and that for birds allowed accelerated growth was, as in the current trial, wider when birds were given a more stimulatory photoperiod, and a regression of this difference on photoperiod, using data from both of these trials, shows that in each case the difference was biggest when the photoperiod was about 15 h ( Figure 3) . This is the same as that indicated by the regression of the AFE data (Figure 1 ), suggesting that a relaxation of feed restriction in some way interacts with the amount of stimulation of the photoperiod to produce a synergetic enhancement of the photosexual response.
Egg Production
The 0.75 increase in egg numbers to 39 wk for each 1-d earlier AFE is similar to the 0.68 eggs reported by Lewis et al. (2003) to 56 and 58 wk and the 0.7 eggs reported for brown-and white-egg hybrids to 72 wk (Lewis et al., 1997) .
The negative linear correlation of egg weight with photoperiod is in contrast to the positive linear relationship for broiler breeders maintained on a constant photoperiod from 2 d of age (Lewis et al., 2005 ) and the curvilinear relationship reported for egg-type hybrids (Lewis et al., 1997; Figure 4) . The likely explanation is that egg weight is influenced more by age at sexual maturity than by the photoperiod that induces it because regressions using mean egg weight on age at sexual maturity (AFE or 50% lay) for the current birds to 39 wk, broiler breeders given constant photoperiods to 68 wk, and photostimulated eggtype hybrids to 72 wk show that the rate of change in egg weight for a given change in age at sexual maturity is not significantly different for any of the 3 groups ( Figure 5 where EW = mean egg weight (g), and A = mean age at first egg or 50 eggs/100 bird.d (d). Nevertheless, despite the significant correlations of egg weight with photoperiod and with sexual maturity, a step-wise regression for broiler breeders kept on constant photoperiods has revealed that egg weight is also influenced by the BW at first egg (Lewis et al., 2005) , and is described by the equation EW = 52.14 + 2.600BW + 0.042A + 0.113p
where BW = BW at sexual maturity (kg), A = age at sexual maturity (d), and p = photoperiod (h). A similar regression performed for the current broiler breeders and others reared on 8-h days and photostimulated at 20 wk (Lewis et al., 2003; Ciacciariello and Gous, 2005) is described as EW = 52.46 + 1.651BW + 0.022A − 0.156p (r 2 = 0.940, P < 0.001, SD = 0.72).
This shows that even when the effects of age and BW at sexual maturity are removed, photoperiod in the laying period still has a negative influence on egg weight when broiler breeders are photostimulated but a positive effect when they are not photostimulated. There is no obvious explanation for this, but it may be a consequence of the different rates at which broiler breeders reared on short days and those maintained on constant photoperiods dissipate juvenile photorefractoriness, rather than an effect of photoperiod per se.
Conclusions
Photoperiod. Although these findings may indicate that the optimal photoperiod for broiler breeders in the laying period is about 14 h, it must be remembered that the current data are only to 39 wk, and that other data (Ciacciariello and Gous, 2005 ; P. D. Lewis, unpublished data) show that egg production to a more typical broiler-breeder depletion age of 56 to 60 wk is consistently better when the final photoperiod is 11 or 12 h, but only in comparison with 16 h. A 60-wk trial comparing transfers to 10, 11, 12, 13, or 14 h seems warranted. Nevertheless, it is clear that there is little to be gained in terms of sexual development or egg production from giving broiler breeders more than 14 h light during the laying period, a recommendation that concurs with that for brown-egg hybrids (Lewis, 1996) . However, other issues, such as the photoperiod's influence on the time of egg-laying and the proportion of eggs laid before lights-on (Lewis et al., 2004b) , must not be ignored when broiler breeders are kept on the floor because an increase in the proportion of eggs laid before the beginning of the photoperiod could adversely affect the number of eggs laid outside the nest-box.
Body Weight. Even though accelerating growth resulted in a 4-d advance in sexual maturity and the production of 1 more egg, it is unlikely that it would be a more profitable alternative to rearing birds according to the body-weight program currently recommended by primary breeding companies because, despite requiring less feed to reach the conventional 20-wk BW of 2.1 kg, 570 g more feed was needed to get the birds to sexual maturity.
